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Apparatus and method for stabilizing the core gas flow in a gas turbine engine 



(54) 

(57) A method for inhibiting radial transfer of core 
gas flow away from a center radial region and toward 
the inner and outer radial boundaries of a core gas flow 
path within a gas turbine engine Is provided that includes 
the steps of: providing a flow directing structure that in- 
cludes an airfoil 28 that abuts a wall surface 30. 32. said 
airfoil having a leading edge 50, a pressure side 52. and 
a suction side 54; and increasing the velocity of the core 



gas flow in the area where the leading edge of the airfoil 
abuts the wall. Increasing the vekx:ity of the core gas 
flow in the area where the leading edge 50 of the airfoil 
28 abuts the wall 30, 32 impedes the formation of a pres- 
sure gradient along the surface of the airfoil that forces 
core gas from the center region of the core gas toward 
the wall. The method can be achieved by use of a fillet 
48 which diverts the core gas flow away from the area 
where the airfoil 28 abuts the wall 30. 32. 
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Description 

[0001] This invention relates to flow directing struc- 
tures used within gas turbine engines in general, and to 
methods and apparatus for inhibiting radial transfer of 
core gas fiow within a core gas flow path in particular. 
[0002] A gas turbine engine includes a fan, a com- 
pressor, a combustor, and a turbine disposed along a 
common longitudinal axis. The fan and compressor sec- 
tions work the air drawn into the engine, increasing the 
pressure and temperature of the air Fuel is added to the 
worked air and the mixture is burned within the combus- 
tor. The combustion products and any unburned air sub- 
sequently power the turbine and exit the engine produc- 
ing thrust. The compressor and turbine include a plural- 
ity of rotor assemblies and a stationary vane assem- 
blies. Rotor blades and stator vanes are examples of 
structures (i.e.. 'flow directing structures") that direct 
core gas flow within a gas turbine engine. Air entering 
the compressor and traveling aft through the combustor 
and turbine is typically referred to as "core gas". In and 
aft of the combustor and turbine, the core gas further 
includes cooling air entering the flow path and the prod- 
ucts of combustion products. 

[0003] In and aft of the combustor. the high tempera- 
ture of the core gas requires most components in con- 
tact with the core gas be cooled. Components are typi- 
cally cooled by passing cooling air through the compo- 
nent and allowing it to exit through passages disposed 
within an external wall of the component. Another cool- 
ing technique utilizes a film of cooling air traveling along 
the surface of a component. The film of cooling air insu- 
lates the component from the jiigh temperature core gas 
and Increases the uniformity of cooling along the com- 
ponent surtace. 

[0004] Core gas temperature can vary significantly 
within the core gas flow path, particularly in the first few 
stages of the turbine aft of the combustor. On the one 
hand, core gas temperature decreases as the distance 
from the combustor increases. On the other hand, core 
gas temperature typically varies as a function of radial 
position within the core gas flow path. At a given axial 
position, the highest core gas temperatures are typically 
found in the center radial region of the core gas path 
and the lowest at the core gas path radial boundaries. 
[0005] Core gas flow anomalies can shift the "hottest" 
core gas flow away from the center region of the core 
gas flow path, toward the liners or platforms that form 
the core gas inner and outer radial boundaries. An ex- 
ample of such a flow anomaly is a "horseshoe vortex" 
that typically forms where an airfoil abuts a surface; e. 
g. . the junction of the airfoil and platform of a stator vane. 
The horseshoe vortex begins along the leading edge ar- 
ea of the airfoil traveling away from the center region, 
toward a wall that forms one of the gas path radial 
boundaries. The vortex next rolls away from the airfoil 
and travels along the wall against the core gas flow, sub- 
sequently curling around to form the namesake flow pat- 



tern. The higher temperature center region core gas flow 
diverted into close proximity with the wall detrimentally 
affects the useful life of the wall. 

[0006] Another example of such a flow anomaly Is a 
5 "passage vortex' that develops in the passage between 
adjacent airfoils in a stator or rotor section. The passage 
vortex is an amalgamation of the pressure side portion 
of the horseshoe vortex, core gas crossflow between 
adjacent airfoils, and the entrained air from the free- 
10 steam core gas flow passing between the airfoils. Col- 
lectively, these flow characteristics encourage some 
percentage of the flow passing between- the airfoils to^ 
travel along a helical path (i.e.. the "passage vortex") 
that diverts core gas flow from the center of the core gas 
path toward one or both radial boundaries of the core 
gas path. As in those cases where a horseshoe vortex 
is present, the higher temperature center core gas flow 
traveling in close proximity to the walls that form the core 
gas path radial boundaries detrimentally affects their 
useful life. 

[0007] What is needed, therefore, is an apparatus and 
a method for inhibiting radial transfer of high tempera- 
ture core gas away from the center radial region of the 
core gas flow path and toward the inner and outer radial 
tx>undartes of the core gas flow path. 
[0008] It is. therefore, an object of the present inven- 
tion to provide an apparatus and a method for inhibiting 
radial transfer of high temperature core gas flow away 
from the center radial region of a core gas flow path with- 
in a gas turbine engine and toward the inner and outer 
radial boundaries of the core gas flow path. 
[0009] From one aspect of the invention, a method for 
inhibiting radial transfer of core gas flow away from a 
center radial region and toward the inner and outer ra- 
dial boundaries of a core gas flow path within a gas tur- 
bine engine is provided that includes the steps of: (I) 
providing a flow directing structure that includes an air- 
foil that abuts a wall, said airfoil having a leading edge, 
a pressure side, and a suction side; and (2) increalsing 
the velocity of the core gas flow in the area where the 
leading edge of the airfoil abuts the wall. Increasing the 
velocity of the core gas flow in the area where the lead- 
ing edge of the airfoil abuts the wall impedes the forma- 
tion of a pressure gradient along the leading edge area 
of the airfoil that forces core gas from the center region 
of the core gas path toward the wall. Apparatus in ac- 
cordance with an aspect of the invention Includes 
means for diverting core gas flow away from the area 
where the leading edge of the airfoil abuts the wall. 
[0010] Other aspects of the present invention and pre- 
ferred features thereof are defined in the claims. 
[0011 ] One of the advantages of the present invention 
is that undesirable high temperature core gas flow from 
the center region of the core gas path is inhibited from 
migrating toward the walls that form the inner and outer 
radial core gas path boundaries. High temperature core 
gas in close proximity to the walls can detrimentally af- 
fect the useful life of the wall. Another advantage of the 
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present invention is that it may be possible to decrease 
the amount of cooling air necessary to cool the wall. In 
a conventional stator vane or rotor blade (e.g., examples 
of flow directing structures). It Is known to provide sub- 
stantial cooling In the wall to counteract the effects of 
the core gas flow anomaly. Using the present invention, 
the core gas flow anomaly that forces hot core gas from 
the center region of the path toward the wall is inhibited. 
As a result, it may be possible to use less cooling air to 
satisfactorily cool the walL 

[0012] A preferred embodiment of the present inven- 
tion wilt nowbe'descrrbed, by way o^ example only, with 
reference to the accompanying drawings in which: 
[0013] FIG. 1 is a diagrammatic view of a gas turbine 
engine. 

[0014] FIG.2 is a diagramniatic perspective view of a 
stator vane. 

[0015] FIG. 3 Is a diagrammatic top view of an airfoil 
and a preferred embodiment of a fillet. 
[0016] FIG. 4 shows a typical core gas flow pattern in 
the area where the leading edge of an airfoil abuts a wall 
in a conventional manner. 

[0017] Referring to FIGS. 1 and 2, a gas turbine en- 
gine 1 0 includes a fan 1 2. a compressor 1 4. a combustor 
16. a turbine 1 8 and a nozzle 20. The turbine 18 includes 
a plurality of stator vane stages 22 and rotor stages 24. 
Each stator vane stage 22 guides air into or out of a rotor 
stage 24 in a manner designed in part to optimize per- 
formance of that rotor stage. A stator vane stage 22 in- 
cludes a plurality of stator vane segments 26 (see FIG. 
2), each including at least one airfoil 28 extending be- 
tween an inner platform 30 and an outer platform 32. 
Collectively, the platforms 30,32 form the inner and out- 
er radial gas path boundaries of the stator vane portion 
of the annular core gas path. A rotor stage 24 (see FIG. 
1) includes a plurality of rotor blades 34 attached to a 
rotor disk 36. Each rotor blade (as is known in the art) 
includes a root, an airfoil, and a platfomri extending lat- 
erally outward between the root and the airfoil. A liner 
(not shown) is typically disposed radially outside the ro- 
tor stage. The rotor blade platforms and the liner form 
the inner and outer radial gas path boundaries of the 
rotor portion of the annular core gas path. The text below 
describes the present apparatus and method generical- 
ly in terms of an airfoil and wall and specifically in terms 
of a stator vane. The present apparatus and method for 
inhibiting radial transfer of core gas flow within a core 
gas flow path is applicable, but not limited to, stator 
vanes 26. rotor blades 34. and other types of flow direct- 
ing structures useful within a gas turbine engine 10. 
[0018] The present method for inhibiting radial trans- 
fer of core gas flow within a core gas flow path includes 
the stops of: (1) providing a flow directing structure hav- 
ing an airfoil that abuts at least one wall that acts as a 
radial boundary of the core gas path; and (2) increasing 
the velocity of the core gas flow in the area where the 
leading edge of the airfoil abuts the wall. Increasing the 
velocity of the core gas flow in the area where the lead- 



ing edge of the airfoil abuts the wall inhibits the formation 
of a pressure gradient along the surface of the airfoil that 
forces core gas flow from the center region of the core 
gas path in a direction toward the wall. 
[0019] The step of increasing the velocity of the core 
gas flow in the area where the leading edge of the airfoil 
abuts the wall preferably utilizes a means 38 for divert- 
ing core gas flow. Core gas flow encountering a conven- 
tional airfoil 40 (shown diagrammatically in FIG.4) will 
vary in velocity depending on its position in the core gas 
path. The highest velocity core gas typically travels in 
the^cemef» radiakregk>rrGf thepath and^ the^to^ 
locity core gas (zero) is found on the surface of the radial 
boundary walls 42 of the path. The difference in core 
gas velocity is at least partially attributable to cooling air 
entering the core gas path along the walls that form the 
radial boundaries and boundary layer effects .that are 
contiguous with those boundary walls. Because total 
pressure is a function of core gas velocity, the difference 
in core gas velocity creates a pressure gradient extend- 
ing from the center region of the core gas path to the 
path wall 42. The pressure gradient, in turn, acts on a 
portion of the core gas flow, forcing that portkxi into a 
secondary flow directed toward the wall 42. The result- 
ant flow anomaly assumes the formbf a horseshoe vor- 
tex 44 (see FIG.4) in the area where the leading edge 
46 of the airfoil 40 abuts the wall 42. After forming at the 
leading edge 46. the horseshoe vortex will divide and 
send a portion of the vortex along the suction side of the 
airfoil 40 and the remaining portion along the pressure 
side of the airfoil 40. 

[0020] Now referring to FIG. 2, using the present 
method, the means 38 for diverting core gas flow is used 
to divert the high temperature core gas flow away from 
the area where the leading edge of the airfoil 28 abuts 
the wall (i.e., platform) 30.32. Diverting the core gas flow 
away from the area where the leading edge of the airfoil 
28 abuts the wall 30,32 causes the core gas flow to in- 
crease in vekx:ity, thereby decreasing the magnitude of 
the pressure gradient and the concomitant secondary 
core gas flow in the direction of the path wall 30,32. 
[0021] The diverting means 38 can be any mechani- 
cal or fluid device capable of diverting core gas flow 
away from the junction between the airfoil 28 and wall 
30,32. In one embodiment, the means 38 for diverting 
core gas flow is a fillet 48 that extends lengthwise out 
from the leading edge 50 of the airfoil 28 and helghtwise 
along the leading edge 50 of the airfoil 28. The fillet 48 
has a pressure side 52 and a suction side 54 that meet 
each other at a dividing plane 56. The dividing plane 56 
is aligned with a stagnation line location typical of the 
intended operating environment of the airfoil. The pres- 
sure side 52 of the fillet 48 is arcuatety shaped, begin- 
ning at the outer edge 58 of the fillet 48 and extending 
back a distance down the pressure side 60 of the airfoil 
28. The suction side 54 of the fillet 48 is also arcuately 
shaped, beginning at the outer edge 58 of the fillet 48 
and extending back a distance down the suction skJe 62 
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of the airfoil 28. The suction side 54 of the fillet 48 ex- 
tends out from the dividing plane 56 farther than the 
pressure side 52 of the fillet 48 extends out from the 
dividing plane 56. The length of the fillet 48 is preferably 
greater than the height of the fillet 48, 5 
[0022] Referring to FIG. 3, in a preferred embodiment 
the suction side 54 and pressure side 52 of the fillet 48 
are substantially elliptical in shape. The suction side 54 
is characterized by an elliptical center point (Cgs). a mi- 
nor axis (MNAXsq), and a major axis (MJAXgg)- The io 
pressure side 52 is characterized by an elliptical center 
point (Cps). a minor axis (MNAXp^. and a major axis 
(MJAXps). The major axes of the pressure side 52 and 
suction side 54 of the fillet 48 are substantially aligned 
with the dividing plane 56. The major axis of the suction is 
side 54 is greater than the major axis of the pressure 
side 52 (MJAXss> MJAXpg). The minor axis of the suc- 
tion side 54 is greater than the minor axis of the pressure 
side 52 (MNAXqs > MNAXps). The elllptically shaped 
suction side 54 and pressure side 52 of the fillet 48 20 
smoothly transition into one another at the outer edge 
58 of the fillet 48. The preferred way to accomplish the 
smooth transition is to separate the elliptical centers of 
the suction side 54 and pressure side 52 (Cgs. Cpg) 
along the dividing plane 56 such that at the intersection 2S 
point each elliptical side 52,54 has substantially the 
same slope as the other elliptical side 54,52. It is our 
experience that the elliptical shapes of the suction side 
54 and pressure side 52 of the fillet 48 and their relative 
positioning, as described above, provide a diverting 30 
means with an appreciable performance advantage 
over symmetrical fillets under similar operating circum- 
stances. 

[0023] In another embodiment, the diverting means 
38 is an aerodynamic bluff txxJy that diverts air in a man- 3S 
ner similar to the fillet 48. The bluff body is created by 
jetting air into the region In front of the airfoil. One or 
more high-energy jets of air deflect the core gas flow 
causing it to divert around the leading edge. In all cases, 
the diverting means diverts the core gas flow in the area 40 
of the junction away from the junction consequently 
causing that core gas flow to increase in velocity. 
[0024] Although this invention has been shown and 
described with respect to the detailed embodiments 
thereof, it will be understood by those skilled In the art 45 
that various changes in form and detail thereof nnay be 
made without departing from the scope of the claimed 
invention. For example, in those instances where a flow 
directing device within a gas turbine engine has more 
than one airfoil/wall junction (e.g., a stator vane airfoil so 
bourKJed by inner and outer radial platforms), a diverting 
means can be used at the junctions between the airfoil 
and both the inner and outer radial walls. 

55 

Claims 

1. A method for inhibiting radial transfer of core gas 



flow within a core gas flow path of a gas turbine en- 
gine, comprising the steps of: 

providing a flow directing structure having an 
airfoil (28) that abuts a wall (30; 32), said airfoil 
(40) having a leading edge (50). a pressure 
side, and a suction side; and 
increasing a velocity of said core gas flow in an 
area where said leading edge (50) of said airfoil 
abuts said wall (30;32); 

wherein increasing said core gas flow velocity 
in said area inhibits fornriation of a secondary 
flow of core gas flow in the directton of said wall. 

2. The method of claim 1 . comprising the step of; 

increasing said core gas flow velocity in an ar- 
ea where said airfoil (28) abuts said wall (30;32) 
along a portion of said pressure side of said airfoil 
(28). 

3. The method of claim 1 or 2, comprising the step of: 

increasing said core gas flow velocity in an ar- 
ea where said airfoil (28) abuts said wall (30;32) 
along a portion of said suction side of said airfoil 
(28). 

4. The method of any preceding claim, comprising the 
step of: 

providing a means for diverting said core gas 
flow away from said area where said leading edge 
of said airfoil (28) abuts said wall (30;32). 

5. The method of claim 4, wherein said means for di- 
verting includes a fillet (48) disposed where said air- 
foil (28) abuts said wall (30;32). 

6. The method of claim 5. wherein said fillet (48) com- 
prises: 

a substantially eiliptically shaped suction side 
(54); and 

a substantially eiliptically shaped pressure side 
(52); 

wherein said pressure side (52) and suction 
side (54) of said fillet (48) meet at a dividing 
plane (56). 

7. The method of claim 6, wherein said suction side 
(54) includes a major axis (MJAXgs), a minor axis 
(MNAXqs). an elliptical centerpoint (Cqs); and 

said pressure side (52) includes a major axis 
(MJAXps). a minor axis (MNAXpg), and an el- 
liptical centerpoint (Cpg); 
wherein said major axis (MJAXqs) of said suc- 
tion side (54) is greater than said major axis 
(MJAXps) said pressure side (52); and 
wherein said minor axis (MNAXqq) of said suc- 
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tion side (54) is greater than said minor axis side (54) of said fillet (48) meet at a dividing 

(MNAXps) of said pressure side (52). plane (56). 



8. The method of claim 6 or 7. wherein said elliptical 
centerpoint (Css) s^icl suction side (54) is sepa- 
rated from said elliptical center point (Cp^) of sard 
pressure side (52). 

9. The method of claim 6. 7 or 8 wherein said dividing 
plane (56) is substantially aligned with a stagnation 
line of said airfoil (40). 

10. The method of claim 4, wherein said means for di- 
verting includes an aerodynamic bluff body formed 
by jetting air into an area where said leading edge 
of said airfoil (28) abuts said wall (30;32). 

11. A stator vane, comprising: 

an airfoil (28) having a leading edge (50), a 
pressure side, and a suction side; 
a platform (30, 32) abutting said airfoil (28); and 
means for increasing a core gas flow velocity 
in an area where said leading edge (50) of said 
airfoil (28) abuts said platform (30;32). 

12. A stator vane, comprising: 

an airfoil (28) having a leading edge (50). a 
pressure side, and a suction side; 
a platform (30;32) abutting said airfoil (28); and 
a core gas flow accelerator disposed at a junc- 
tion of said leading edge (50) of said airfoil (28) 
and said platform (30;32). 

13. A stator vane, comprising: 

an airfoit (28) having a leading edge (50). a 
pressure side, and a suction side; 
a platform (30;32) abutting said airfoil (28); and 
means for inhibiting a secondary core gas flow 
along said leading edge (50) in the direction of 
said platform (30). 

14. The stator vane of claim 11 , 1 2 or 1 3, wherein said 
means for inhibiting, said means for increasing or 
said flow accelerator includes a fillet (48) disposed 
where said airfoil (28) abuts with said platform (30; 
32). 

15. The stator vane of claim 14, wherein said fillet (48) 

comprises: 

a substantially ellipticatiy shaped suction side 
(54); and 

a substantially elliptically shaped pressure side 

(52); 

wherein said pressure side (52) and suction 



16. The stator vane of claim 15, wherein said suction 
s side (54) includes a major axis (MJAXss). a minor 

axis (MNAXsq), and an elliptical centerpoint (Cqs); 
and 

said pressure side (52) includes a major axis 
10 (MJAXps), a minor axis (MNAXss). and an el- 

liptical centerpoint (Cpg); 
whefein-satd major^iy (MJAXgs) of said suc- 
tion side (54) is greater than said major axis 
(MJAXps) of said pressure side (52); and 
wherein said minor axis (MNAXss) of said suc- 
tion side (54) is greater than said minor axis 
(IVINAXps) of said pressure side (52). 

17. The stator vane of claim 15 or 16, wherein said el- 
20 llptical centerpoint (CPsq) of said suction side (54) 

is separated from said elliptical center point (CPps) 
of said pressure side (52). 

18. The stator vane of claim 15= 16 or 17. wherein said 
2S dividing plane is substantially aligned with a stag- 
nation line of said airfoil. 

19. The stator vane of claim 14, wherein said fillet (48) 
comprises: 

30 

an arcuately shaped suction side (54); and 
an arcuately shaped pressure side (52); 
wherein said pressure side (52) and suction 
side (54) of said fillet (48) meet at a dividing 
3S plane (56). 

20. The stator vane of claim 1 9, wherein said suction 
side (54) extends out from said dividing plane (56) 
a first distance, and said pressure side (52) extends 

40 out from said dividing plane (56) a second distance, 
wherein along a line perpendicular to said dividing 
plane (56). said first distance is greater than said 
second distance. 

45 21 . The stator vane of claim 1 9 or 20. wherein said di- 
viding plane (56) is substantially aligned with a stag- 
nation line of said airfoil 

22. A stator vane, comprising: 

so 

an airfoil (28) having a leading edge (50). a 
pressure side, and a suction side; 
a platform (30:32) joined to said airfoil (28) at a 
junction; and 

means (48) for diverting core gas flow away 
from said junction at said leading edge (50) of 
said stator vane (28); 

wherein said means for diverting said core gas 
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flowaway from said junction inrpedes fornnation 
of a secondary flow of core gas along said airfoil 
(28) toward said platforo) (30. 32). said second- 
ary flow undesirably moving high temperature 
core gas flow Into close proximity to said plat- 
fomr^. 

23. A flow directing device for use in a gas turbine en- 
gine, comprising: 
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an airfoil (28) having a leading edge (50). a 
pressure side, and a suction side; 
a wall (30;32) abutting said airfoil (28); and 
means (48) for inhibiting a secondary core gas 
flow along said leading edge in the direction of is 
said wall. 

24- A method for cooling a stator vane exposed to high 
temperature core gas flow, comprising the steps of: 



20 



providing a stator vane having an airfoil (28) 
joined to a platform (30;32) at a junction, said 
airfoil (28) having a leading edge (50). a trailing 
edge, a pressure side, and a suction side; and 
diverting said high temperature core gas flow 2S 
away from said junction at said leading edge 
(50) of said stator vane; 

wherein diverting said core gas flow away from 
said junction impedes fornnation of a secondary 
flow of high temperature core gas along said 30 
airfoil (28) toward said platform (30;32). said 
secondary flow undesirably moving high tem- 
perature core gas in close proximity to said plat- 
form (30;32). 
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FIG. 3 
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